Introduction
It is well known that, despite remarkable advances in perinatal medicine in recent years, intracranial hemorrhage is still a common neonatal finding and is a major problem to be solved.
Intracranial hemorrhage in the newborn has been traditionally discussed, based on the rough classification into hemorrhage caused by the external pressure on the head of the newborn during the birth procedure (mechanical or traumatic) and that associated with intrauterine metabolic disorder (hypoxic or chemical). Due to recent developments in perinatal, maternal and newborn care and to technical improvements in obstetrical care, the incidence of intracranial hemorrhage due to the first reason, i.e. birth trauma associated hemorrhage has decreased. Regarding the second cause of hemorrhage, accurate estimation of the fetal metabolic status is so difficult that it is rather common clinical experience to detect intracranial hemorrhage after birth in cases which had shown no specific abnormality during the perinatal period. Thus, the connection between metabolic disorder and intracranial hemorrhage needs further investigation.
We have devoted considerable attention to the fetal acid-base balance, and in this paper we have studied intracranial hemorrhage from the viewpoint of the relationship between blood coagulability and acid-base balance. 
Material and methods
Of 1324 pregnant women admitted to the Department of Obstetrics of the Berlin-Neukölln Women's Hospital between October 1982 and February 1983, 178 women with a singleton pregnancy who had a normal gestational course, were chosen at random and agreed to participate in this study.
Immediately after delivery the umbilical cord was clamped with two forceps and the cord blood was drawn from the umbilical artery into both a disposable syringe and a SALING'S capillary.
For measurement of blood coagulability we used the hepaplastin test (Normotest), for determination of fibrinolytic activity, measurement of fibrin degradation products (FDP), soluble fibrin monomer complex (SFMC) and anti thrombin III (AT-III) were utilized for the index of the circulating inhibition system. The Corning Model 178 and SALING -TuROWSKi pH-apparatus were used for umbilical arterial blood gas analysis. After sampling, 109 m mol/1 tri-sodium citrate (9 volumes of blood to 1 volume of the reagent) were added to blood for the hepaplastin test and immediately centrifuged at 2500 rpm for 5 minutes.
Hepaplastin test was performed using Hepaplastin-Kit (EizAi) [20] . For measurement of FDP, SFMC and AT-III 0.04 ml of anti plasmin reagent was added to the sample blood and after 30 minutes centrifuged at 1000 rpm for 10 minutes. An FDPL-KIT of TEIKOKU ZOKI [7] was used for FDP measurement, the ethanol gelation test was employed for measurement of SFMC. The AT-III level was determined using the BOEHRINGER-MAN-NHEIM'S reagent [1] .
The significance of difference was statistically analysed by Student "t" test. Intracranial hemorrhage in the newborn was diagnosed based on the ultrasonic findings and neurological evaluation performed on days 1 and 3 after birth, in cooperation with Dr. MARIA BRAND, a pediatrician specialized in this field.
Results

Hepaplastin test (N-test)
As shown in figure 1 , the hepaplastin values of the cord blood decreased as the arterial pH fell in the normal group showing an arterial pH of 7.30 or higher, the hepaplastin value was 54.7 ± 11.2%, while in cases of acidosis where the arterial pH was 7.19 or less, the hepaplastin value decreased to 24.2 + 7.3%, suggesting a significant difference between these two groups. A significant reduction in the hepaplastin value was also noted in the preacidotic group (pH 7.24-7.20). Figure 2 shows the relationship between the FDP levels and arterial pH. In the normacidic group 12 (48%) of 25 cases showed the FDP level of ^80 μg/ml, and of these, it was 160 μg/ml in four (16%) cases. Meanwhile in the acidosis group where the arterial pH was 7.19 or lower, the FDP level was 80 μg/ ml or higher in four (80%) of five cases and of these, it was as high as 320 μg/ml in three cases. In the preacidotic group the cases showing a FDP level of 80 μg/ml or higher accounted for only 30%, but the value was raised up to 160 mg/ml in all these cases.
FDP values
SFMC values
As demonstrated in 
AT-HI levels
As can be seen in table II, no obvious changes were observed partly because of the small number of cases studied.
Cases of intracranial hemorrhage as diagnosed by ultrasonography
Ultrasonography was performed in all infants by Dr. M. BRAND, and as shown in table III, intracranial hemorrhage was diagnosed in five cases.
Of 14 cases of acidosis with an arterial pH of 7.19 or less, two cases (14%) had intracranial hemorrhage. Of 164 cases with an arterial pH 7.20 or higher, three cases (1.8%) had hemorrhage and, when the preacidotic infants within the arterial pH range of 7.20 -7.24 were added to the acidotic infants, the incidence of intracranial hemorrhage in this group with increased acidity was 8.1% (3/ 37 cases), suggesting a clearly higher incidence as complared with 1.4% in the control group.
Regarding the relationship between hemorrhage and blood coagulability, marked reductions in the hepaplastin values, markedly high SFMC positivity rate and high FDP levels were observed in the acidotic cases. Because of the small number of cases studied, it was not possible to make any definite conclusions regarding this matter.
Discussion
Due to the remarkable advance in medical techniques in recent years, the fetal and neonatal mortality rates and the incidence of severe sequela of obstretrical central nervous system have decreased. For the physicians committed to perinatal medicine, the aim of which lies in the intact survival of the infants, the early detection and prevention of disorders of the central nervous system is of prime importance. Intracranial hemorrhage in particular is one of the most serious causes of the poor prognosis of the affected newborns, and has been studied by many researchers in various fields. Although the different clinical manifestation of intracranial hemorrhage constitutes a definite disease entity, the diversity of its etiology does not allow a generalized discussion on the severity of the damage and its prognosis, since these vary with the maturity of individual infants, the site and size of the hemorrhage, the number of risk factors and chronological factors. This issue needs to be studied further. At the Third Japanese National Congress of Perinatal Medicine held in 1985, ZINBO [25] et al. presented the results of their studies on cases of intracranial hemorrhage which provide overall information of this disease entity in the recent Japanese experience. They investigated by birth weight, the number of fatal cases which had the complication of intracranial hemorrhage encountered over the last 20 years in Tsukiji Municipal Obstetric Hospital. By dividing the two decades into 4 periods of five years, they studied changes in the number of deaths occurring in each five year period. According to them, among the extremely small sized premature infants weighing 999 g or less, 20% or more of the infants died of intracranial hemorrhage in all the four periods, despite a marked drop in the mortality rate among those extremely tiny infants. Among the infants born underweight between 1000 g and 2499 g, both the number of neonatal deaths and incidence of intracranial hemorrhage tended to decrease. In the group of infants born with normal birth weight 2500 g or more, both the number of fatal cases and incidence of intracranial hemorrhage decreased, but the absolute number of hemorrhagic cases still remains to be substantially large. They concluded that intracranial hemorrhage is of major clinical importance both for extremely tiny premature infants and newborns of normal birth weight. Investigating risk factors for intracranial hemorrhage, SCHOENBERG [22] evaluated 30 items from the perinatal period in 12 instances of intracranial hemorrhage chosen from 10850 cases seen between 1965 and 1974. He reported that a significant correlation was found only between prematurity and respiratory distress syndrome. Cerebral hypoxia and acidosis have been reported to play an important role in the occurrence of intracranial hemorrhage in the neonate.
COLE [5] and HAMBELTON et al. [9] demonstrated that the hypoxic or acidotic condition may cause hemorrhage due to stasis, thrombus formation and breakdown of the venous system. This is because capillaries in the brain may be ruptured by a rise in arterial pressure, particularly in condition of hypercapnia and hypoxia. Hill et al. [12] reported that with intrauterine hypoxia, abnormal glucose metabolism and accumulation of lactic acid occur, leading to acidosis in peripheral blood and then in tissues. This in turn causes vasodilation, increased blood flow, and formation of small thrombi in the peripheral vasculature, resulting in DIC and an enhanced bleeding tendency. Based on these findings, they highlighted the significance of intrauterine asphyxia. Evaluation of impaired cerebrovascular autoregulation after asphyxia shows that there is a direct relationship between systematic blood pressure and cerebral blood flow. Lou et al. [15] also demonstrated pressure-passive relationship between systematic blood pressure and cerebral blood flow in asphyxiated term fetal sheep. Increase of systematic blood pressure to 60 -70 mmHg was related to a six fold increase in cerebral blood flow. GOLDSTEIN [8] describes the mechanism of the autoregulation disorder as follows: histologically, the endothelial cells in the brain capillaries are unlike those in other organs; tightly joined together, they contribute in maintaining the stable composition of the brain extracellular fluid and various components; thus the breakdown of these tight endothelial junctions results in the increased capillary permeability to water-soluble molecules and irons in plasma, leading to brain tissue edema, vascular wall impairment and eventually hemorrhage.
BUCCIARELLI [3] performed an in-vivo experiment on the relationship between blood flow and blood pH in goats. He showed that the cerebral blood flow increases linearily during acidosis, and changes in blood flow are correlated to both pH and PaCO 2 (r = 0.64, 0.79).
JOHNSON [13] also demonstrated in his experiments in fetal lambs that a drop in pH from 7.40 to 7.04 was associated with a marked increase in the cerebral blood flow and, particularly in the brain stem, such a drop caused a 275% increase in blood flow from the control value as well as an increase in blood pressure (58 mmHg -71 mmHg).
As described above, acidosis and hypoxia have been known to have substantial effects on the autoregulation of the cerebral circulatory system and to constitute one of several causes of intracranial hemorrhage.
Next, blood coagulability in the presence of acidosis and hypoxia will be discussed. Although many reports are available on this issue, little agreement has been reached with respect to the involvement of acidosis and hypoxic conditions in blood coagulability. Shirahata et al. [23] reported that prolongation of activated partial prothrombin time (APPT) and decrease in fibrinogen, hepaplastin value and platelet counts were observed in cases of intracranial hemorrhage, and that these changes were marked particularly in the presence of acidosis and RDS. SUZUKI [24] pointed out increases in FDP and SFMC, significant decreases in factor VII and kininogen levels and a decrease in 6-Ket-PGF a i a in asphyxiated infants. COLE [5] who studied 22 cases reported that acidosis or hypoxia produced no systemically distinct difference in blood coagulability, but prolonged prothrombin time, prolonged partial thromboplastin time (PTT), decreases in fibrinogen level and thrombocytopenia were noted in 15, 11, 4, and 6 cases respectively. The prolongation in prothrombin time suggests the consumption of factor VII andX. CHESSELS [4] reported thrombocytopenia and decreases in fibrinogen level and thromboblast value in 16 of 48 cases, and also reported that coagulation abnormalities were more frequent in infants with intracranial hemorrhage than in those infants with hyaline membrane disease. ANDERSON [2] and EKELUND [6] , who also obtained similar findings, investigated these abnormalities from the viewpoint of DIG. They explain that the liberation of tissue thromboplastin causes the formation of small thrombi in the peripheral vasculature which in turn, causes consumption of the coagulation factors leading to secondary hemorrhage. Similarly, HAUPT [11] describes that in the hypoxic newborns, the generation of the coagulation factors, particularly that of factor V, is inhibited, and this induces the activation of some unknown mechanism and produces bleeding. According to OGAWA [19] and MAKI et al.
[17] changes in cord blood pH, Po 2 and Pco 2 were not associated with significant changes in thrombotest value, fibrinogen level and plasminogen level, however, severely asphyxiated infants, the fibrinogen concentration was markedly decreased. In experimental acidosis, prolongation of r and k time and shortening of ma were noted on Thromboelstgram (TEG), thrombocytopenia and falls in fibrinogen and plasminogen levels were also detected. Based on these findings, they concluded that acidosis is associated with alternations in blood coagulability, altered hemodynamics, and liberation of tissue thromboplastin accompanying this impaired coagulability, which induces the onset of DIG.
NIEDNER et al. [18] who performed match tests in 20 cases, showed that, in the acidosis group where decreased platelet counts and factors II and V concentrations are noted as well as marked prolongation of thrombin time and PTT occur, these changes are correlated to changes in blood pH, particularly when pH drops to 7.09 or lower. DIG occurred in all such cases. KISKER [14] reported that hypoxia experimentally induced in fetal lambs does not lead to significant alternations in blood coagulation factors, and he postulated that this absence of alternations during hypoxic conditions may be due to the adaptation to lower intrauterine Po 2 levels and immature coagulation system unable to respond to such a hypoxic state. As regards changes in AT-III, HATHAWAY [10] reported that the AT-III levels decrease in premature infants or in newborn with IRDS. In the present study, we failed to show any consistent results, but three cases with a lower pH (below 7.20) value indicated low activity of AT-III. MAHASANDANA [16] described that the lowest levels of AT-III were seen in infants with idiopathic respiratory distress syndrome, and other high risk groups, such as preterm infants and asphyxiated infants also demonstrated lower activity. PETERS [21] discussed the low activity of the AT-III levels in the infants with reduced blood flow resulting from hyperviscosity initiated hypoxia and local acidosis. Both of these phenomena contribute to activation of the coagulation system. Venous stasis with acidosis and local hypoxia caused increased secretion of tissue plasminogen activators and consumption of inhibitor.
The relationship between intracranial hemorrhage and acidosis was discussed in the above paragraphs centering around the effects of acidosis on the autoregulation of cerebral blood flow and blood coagulability. Although involvement of various factors such as the duration of the acidotic condition and the rate of progression of acidosis has yet to be studied, a reasonable hypothesis may be that acidosis leads to the breakdown of capillary endothelium with simultaneous tissue circulation insufficiency and release of tissue thromboplastin. This, in turn, causes alternations in hemodynamics and autoregulation of blood flow, reduction in blood coagulability and increased activity of fibrinolytic system, and eventually to a rise to DIG and enhancement of secondary hemorrhage.
No consistent findings have been obtained yet regarding the identification of the unknown factor which, as HAUPT [11] describes, affects the blood coagulation system in the presence of acidosis. It is necessary to explore not only the changes in the coagulation and fibrinolytic system but in the biochemical changes taking place in the body during acidosis. As reported by SUZUKI [24] changes in the kinin/prostaglandin system seen during acidosis, may provide some clue for our future exploration. Beside this, the mechanism by which asphyxia and acidosis interfere with the hepatic synthesis of vitamin K dependent factors, remains unknown and has yet to be elucidated.
Abstract
The relationship between blood pH and blood coagulability and alternations in the fibrinolytic system was studied using blood samples obtained from the umbilical artery of 178 cases. Further studies were performed on this relationship in 5 cases of intracranial hemorrhage detected by ultrasonography, and the following results were obtained: 
